###### Strengths and limitations of this study

-   This study has applied a novel approach to measuring the incidence and burden of analysed obstetric patient safety events in the English National Health Service (NHS). To the best of our knowledge, this is the first study that tried to quantify the burden of third and fourth-degree lacerations in the NHS using Patient Safety Indicators and applying propensity score matching (PSM).

-   We used routine administrative data for all females that gave birth during financial years from 2010/2011 to 2013/2014 in the English NHS. The coding involved in the collection of Hospital Episode Statistics data raises limitations about the data and analysis when compared with medical record audit methods.

-   This study is focused on the inpatient setting only, so the results presented underestimate the societal burden associated with safety events in obstetrics.

-   Costs in this study are based on the additional length of stay and the NHS reference cost of a non-elective inpatient short stay for childbirth. These costs are not specific to obstetric complications, but rather an approximation of the inpatient costs incurred by patients with an obstetric safety event.

-   At the expense of a smaller sample size, PSM provides a robust comparison of safety incidents in matched patient groups.

Introduction {#s1}
============

Continuous advancement of medicine and medical technology enables delivery of better care to patients and the achievement of better health outcomes. As care processes improve, they may also become more complex leading to unwanted and unexpected events. Patient safety can be defined as 'the avoidance, prevention and amelioration of adverse outcomes or injuries stemming from the process of healthcare'.[@R1] Patient safety can also be viewed as 'the reduction of risk of unnecessary harm associated with healthcare to an acceptable minimum'.[@R2] The report by the Institute of Medicine in the USA[@R3] shed new light on patient safety and emphasised the importance of this concept for achieving safety and quality in healthcare. Increased awareness of the importance of patient safety is associated with the decline in patient safety events.[@R4]

In England, the government became one of the first in the world to make it a priority to address patient safety across a whole healthcare system and today, patient safety is a prominent component of National Health Service (NHS) policy development.[@R6] Concomitant with the development of patient safety culture, initiatives were taken at various levels to improve monitoring of safety incidents with the aim of achieving more transparent healthcare systems and developing interventions to avoid harm. Patient Safety Indicators (PSIs), initially developed in the USA by The Agency for Healthcare Research and Quality (AHRQ), are a group of indicators derived from administrative databases with the aim of identifying safety events that occur in hospitals due to inappropriate care. The main purpose of PSIs is to provide a quantitative basis for clinicians, organisations and planners to achieve improvements in care delivery.[@R8]

The importance of patient safety is particularly salient in obstetric care because it is a sensitive clinical specialty for patients and the public. A study by the King's Fund[@R9] emphasised that people have low tolerance for negative outcomes and high expectations in this clinical area. For example, complaints from patients and families about care quality have been found to be the highest in obstetric care.[@R10] Furthermore, when using AHRQ-defined PSIs, obstetric complications are safety events with the highest incidence in England.[@R12] [Table 1](#T1){ref-type="table"} presents reported rates of analysed PSIs found in the literature. Bottle and Aylin[@R12] and Raleigh *et al* [@R13] reported rates based on 2005--2006 HES data and Zahn and Miller[@R14] used US patient-level data from 2000. Past studies have analysed PSIs in obstetric care using administrative data; however, recent data on the incidence and economic burden of these events are lacking. In England, the quality of maternity services has received a lot of attention due to its societal importance[@R15] and there is an established programme of maternal and perinatal surveillance supporting quality improvement in this area.[@R16] The Department of Health recently stated that it lacks necessary data to oversee and inform policy decisions in this area, indicating that more research is needed.[@R17] Meltzer emphasised that economic analysis is a neglected necessity in patient safety, and going forward it is crucial that it becomes an essential tool for setting priorities and decision making in the field.[@R18]

###### 

Estimated incidence of analysed PSIs in England and USA

  ---------------------------------------------------------------------------------------------------------------------------------------------------
  PSI                                                                    Bottle and Aylin[@R12]\   Raleigh *et al* [@R13]\   Zhan and Miller[@R14]\
                                                                         2005/2006 English data    2005/2006 English data    2000 US data
  ---------------------------------------------------------------------- ------------------------- ------------------------- ------------------------
  PSI 18---obstetric trauma during vaginal delivery with instrument      60.5                      60.34                     224.2

  PSI 19---obstetric trauma during vaginal delivery without instrument   27.9                      29.39                     86.61

  PSI 20---obstetric trauma during caesarean section                     2.9                       2.86                      6.97
  ---------------------------------------------------------------------------------------------------------------------------------------------------

All rates are expressed per 1000 individuals at risk.

PSI, Patient Safety Indicators.

The aim of this study was to obtain a better understating of the incidence and economic consequences of AHRQ-defined obstetric safety events in England. The analysis focused on three obstetric PSIs: (1) PSI 18---obstetric trauma during vaginal delivery with instrument, (2) PSI 19---obstetric trauma during vaginal delivery without instrument and (3) PSI 20---obstetric trauma during caesarean section. We used patient-level data from the Hospital Episode Statistics (HES) dataset for years 2010/2011 to 2013/2014 and used propensity score matching (PSM) to estimate the additional length of stay (LOS) attributable to these safety incidents and to quantify the economic burden of these events to the NHS.

Data and methods {#s2}
================

Data {#s2a}
----

HES is an administrative database that contains records on all patient admissions, outpatient appointments and accidents and emergency attendances that occurred in NHS hospitals in England. On average, the database processes over 125 million records each year.[@R19] The main unit of observation is the finished consultant episode of care which is the time spent under the care of one consultant.[@R20] For each episode, a variety of patient information is recorded such as clinical, demographic and some socioeconomic characteristics. Additionally, HES documents some provider-specific characteristics. Each patient has a unique identifier, which enables tracking of patients through all episodes of care. The patient may have several consultant episodes from one or several providers, so it is important to link these episodes creating continuous periods of care. Acknowledging this approach, HES can be used to observe patients' entire stay from admission to discharge as related to the diagnosis for which they were admitted into hospital. Analysis in this study included all female patients in the English NHS that had a delivery from 1 April 2010 to 31 March 2014. The analysis was conducted using pseudonymised secondary data and did not directly involve participants so ethics committee approval was not required.

Methods {#s2b}
-------

### Calculation of incidence rates of obstetric PSIs {#s2b1}

Obstetric perineal lacerations are unpleasant complications during delivery and require surgical treatment after birth.[@R21] The proportion of deliveries involving third and fourth-degree lacerations is a useful indicator of the quality of obstetrical care.[@R21] PSIs within the scope of this study aim to identify these complications during delivery with and without instrument and during caesarean sections.

PSIs are a set of measures designed to provide information on safety events and potential complications in hospitals following various medical procedures.[@R23] PSIs are used across many countries to identify and monitor potential safety events and they can also be used to compare the incidence of patient safety events between countries.[@R12] The original PSIs are based on the International Classification of Diseases---ninth Revision, Clinical Modification (ICD-9-CM)[@R25] coding system. In order to apply them successfully within the NHS setting, diagnosis codes needed to be translated into International Classification of Diseases---10th Revision (ICD-10) codes, which are used in England for the classification of mortality and morbidity. Since PSIs are based on both diagnosis and procedure codes, US procedure codes also needed to be translated into NHS Office for Population Censuses and Surveys (OPCS) codes. We used the codes initially developed by Bottle and Aylin[@R12] and updated them based on recent modifications of ICD-10 and OPCS classifications.[@R26] Additionally, diagnosis and procedure codes used for the purpose of this study were reviewed by physicians and patient safety researchers. Agreed PSIs were applied to HES to calculate incidence rates per 1000 female patients at risk for each indicator by year. A detailed definition of the PSIs is shown in online  [supplementary appendix 1](#SP1){ref-type="supplementary-material"}.
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###### Supplementary Appendix 1

### Estimation of the financial burden of obstetric safety events in the NHS {#s2b2}

Analysed types of obstetric tears will require surgical treatment after delivery which induces additional costs to the system.[@R21] These events cannot be prevented in all case, but they can be significantly reduced under the conditions of optimal care. Risk factors associated with these complications are maternal age, ethnicity, number of previous deliveries, prolonged labour assistance with instruments and infant weight.[@R22] In addition, Grobman *et al* [@R29] examined various patient and hospital characteristics that are associated with obstetric trauma. With regard to patient characteristics, maternal age, any present maternal medical conditions and delivery history were identified as primary risk factors. With regard to hospital characteristics, these authors stated that the type of institution and delivery volume can be highly associated with event rates. Recommendations found in the literature guided the variable selection from HES used to estimate LOS and financial costs associated with analysed obstetric safety events.[@R22]

Variables extracted from HES included age, ethnicity, index of multiple deprivation, LOS, child weight, number of previous pregnancies, treatment location and provider type. The indicator for multiple deprivation is a summary measure that covers a range of social, economic and housing dimensions.[@R30] Additionally, we also examined categories of Charlson Comorbidity Index, but there were only a few observations in the dataset that had any comorbidities so these variables were not included in the analysis.

PSM was employed to estimate the excess LOS attributable to the safety events using HES. This is a useful method for deriving causal inferences in non-randomised studies. PSM has been applied in various areas of patient safety,[@R31] including PSIs.[@R24] Crude comparison of differences in LOS between individuals with and without patient safety events would not produce adequate causal evidence if the occurrence of the event is associated with other factors that may affect LOS. Rosenbaum and Rubin emphasised that PSM can be used to reduce the bias in estimating treatment effects with observational datasets.[@R34] The main idea is to match individuals who experienced a safety event with individuals who did not on the basis of propensities or likelihoods that they will experience the event, conditioning on the set of selected covariates measured prior to the event. Stone and Tang define the propensity score as a 'single summary measure that represents the relationship between multiple observed characteristics for groups with and without treatment assignment'.[@R35] Under a range of assumptions, the difference in LOS between matched individuals who differ only in their experience of a safety incident can be attributed to that incident. The main advantage of using PSM, as opposed to exact matching, is that PSM converts a large set of covariates into a single score. This simplifies the matching process and therefore minimises the number of individuals with rare characteristics that will be dropped from the sample.

PSM was applied to estimate excess LOS associated with each indicator. In this study, a relatively homogenous group of women of childbearing age was studied, so we expect little difference in the estimates between matched and unmatched individuals. Data were pooled through all available years for each indicator separately to increase our sample size and the quality of matching. The effect of an adverse event was calculated using the difference in LOS between individuals who experienced an event (treatment group) and matched individuals who did not (control group). The quality of the matching process was assessed by testing covariate balance. Additionally, we performed bootstrapping with 1000 iterations to calculate CI.

For each indicator, the excess LOS attributable to the incident was used to calculate the financial impact of these incidents in the NHS. This study focused only on the costs of excess hospital LOS for delivery and did not consider potential consequences in terms of other types of service use following discharge. Due to additional procedures needed to treat the complications, it is assumed that the time spent in hospital will be increased. The estimated additional LOS that is attributable to the patient safety event is multiplied by the cost of the 'non-elective inpatient short stay in the case of delivery' defined by NHS reference costs.[@R36] These estimates are summed across all individuals that experienced the event. The cost of a non-elective inpatient short stay during delivery represents an average cost of the additional procedures performed when needing to correct delivery complications, plus other hospital stay costs for patients whose additional LOS was \<3 days.[@R36] This unit cost estimate is appropriate because all our estimates of excess LOS were shorter than 3 days. Costing data is obtained from the NHS reference costs publications from each year.[@R36]

Results {#s3}
=======

Incidence of obstetric events in the NHS {#s3a}
----------------------------------------

Incidence of obstetric patient safety events in the NHS from 2010 to 2014 is shown in [table 2](#T2){ref-type="table"}. The rate of obstetric trauma is the highest in the case of vaginal delivery with instrument. The incidence rate is more than double that of vaginal delivery without instrument, which is the second most prevalent incident in obstetrics. In the case of caesarean delivery, incidence of safety events is significantly lower, with less than 5 incidents per 1000 individuals at risk in observed years. We also observe that the incidence of obstetric complications increases across all indicators from 2011/2012 onwards. One-way analysis of variance and Bonferroni post hoc tests were performed to detect statistically significant differences in incidence rates between years ([table 3](#T3){ref-type="table"}).

###### 

Incidence of obstetric patient safety events in English NHS from 2010/2011 to 2013/2014

  PSI →                PSI 18---obstetric trauma during vaginal delivery with instrument   PSI 19---obstetric trauma during vaginal delivery without instrument   PSI 20---obstetric trauma during caesarean delivery                                                                                  
  -------------------- ------------------------------------------------------------------- ---------------------------------------------------------------------- ----------------------------------------------------- -------- --------- --------- --------- --------- --------- --------- --------- ---------
  Number of events     5311                                                                5670                                                                   5894                                                  6110     13 231    13 410    14 808    14 954    591       534       757       760
  Population at risk   63 109                                                              67 552                                                                 68 111                                                66 966   444 445   455 316   460 969   447 373   163 862   166 238   168 705   166 759
  Rates\*              84.16                                                               83.94                                                                  86.54                                                 91.24    29.78     29.45     32.12     33.43     3.61      3.21      4.49      4.56

\*Rate per 1000 individuals at risk.

PSI, Patient Safety Indicators.

###### 

Statistical significance (p value) in PSIs rates between years

  PSI →       PSI 18---obstetric trauma during vaginal delivery with instrument   PSI 19---obstetric trauma during vaginal delivery without instrument   PSI 20---obstetric trauma during caesarean delivery                                                     
  ----------- ------------------------------------------------------------------- ---------------------------------------------------------------------- ----------------------------------------------------- --------- --------- --------- --------- --------- -------
  2011/2012   1.000                                                                                                                                                                                            1.000                         0.429               
  2012/2013   0.753                                                               0.533                                                                                                                        0.000\*   0.000\*             0.000\*   0.000\*   
  2013/2014   0.000\*                                                             0.000\*                                                                0.013                                                 0.000\*   0.000\*   0.002\*   0.000\*   0.000\*   1.000

\*p\<0.05

PSI, Patient Safety Indicators.

PSM results and monetary value of excess LOS attributable to obstetric safety events {#s3b}
------------------------------------------------------------------------------------

[Table 4](#T4){ref-type="table"} contains sample size and mean values of matched treatment and control groups for all indicators, and the results of the balance test. Results show a good covariate balance between treatment and control groups for all indicators. PSI 18 can be found in online supplementary [appendix 1](#SP1){ref-type="supplementary-material"}. Also, PSI 19 and PSI 20 can be found in online supplementary a[ppendix 1](#SP1){ref-type="supplementary-material"}.

###### 

Characteristics of matched treatment and control groups and the balance test results for each indicator

                                                                         PSI 18    PSI 19    PSI 20                                                      
  ---------------------------------------------------------------------- --------- --------- --------- --------- --------- --------- --------- --------- ---------
  Age                                                                    29.15     29.15     *0.992*   28.90     28.93     *0.555*   31.50     31.58     *0.639*
  Birth weight                                                           3504.20   3505.50   *0.836*   3445.00   3452.20   *0.104*   3352.40   3348.60   *0.85*
  Provider (trust=1)                                                     45.92%    45.99%    *0.904*   48.55%    48.64%    *0.812*   55.54%    55.05%    *0.748*
  Provider (PCT=2)\*                                                     0.00%     0.00%     *0*       0.07%     0.03%     *0.024*   0.00%     0.00%     *0*
  Region (1=North East)                                                  6.80%     6.71%     *0.773*   6.19%     6.02%     *0.359*   3.72%     3.84%     *0.834*
  Region (2=North West)                                                  5.81%     5.90%     *0.77*    6.17%     5.87%     *0.109*   9.23%     9.34%     *0.907*
  Region (3=Yorkshire and Humber)                                        8.30%     8.35%     *0.889*   9.42%     9.37%     *0.802*   8.53%     8.37%     *0.851*
  Region (4=East Midlands)                                               6.60%     6.39%     *0.511*   5.23%     5.07%     *0.355*   5.38%     7.93%     *0.591*
  Region (5=West Midlands)                                               12.16%    12.12%    *0.93*    12.97%    13.59%    *0.02*    11.02%    11.02%    *1*
  Region (6=East of England)                                             11.65%    12.03%    *0.641*   13.68%    13.55%    *0.648*   11.96%    12.19%    *0.821*
  Region (7=South West)                                                  13.31%    13.13%    *0.678*   14.84%    15.19%    *0.201*   12.11%    11.84%    *0.791*
  Region (8=South East)                                                  13.26%    13.22%    *0.918*   11.51%    11.67%    *0.509*   6.22%     6.86%     *0.399*
  Number of previous pregnancies                                         0.436     0.445     *0.402*   0.900     0.915     *0.108*   1.285     1.303     *0.696*
  Ethnicity (white=1, nonwhite=0)                                        75.36%    75.18%    *0.735*   76.59%    76.77%    *0.583*   68.58%    68.10%    *0.737*
  Index of Multiple Deprivation (high score=high level of deprivation)   15 567    15 578    *0.923*   15 064    15 170    *0.157*   14 442    14 523    *0.779*

Reference categories: provider (Foundation=0), region (0= London).

\*For PSI 18 and 20, there were no deliveries in PCT.

PCT, Primary Care Trust; PSI, Patient Safety Indicators.

[Table 5](#T5){ref-type="table"} presents estimated excess LOS for each PSI and corresponding bootstrap CI. Estimated additional LOS in the case of obstetric trauma during vaginal delivery with instrument is 0.4688 bed days, which is almost equal to the estimated value in the case of delivery without instrument, 0.5126. Excess LOS is the highest for caesarean delivery, 1.09 additional bed days. For observed safety events, the calculated excess LOS is approximately 1 or \<1 day.

###### 

Additional LOS related to patient safety events for each PSI

  -------------------------------------------------------------------------------------------------------------
  PSI                                                                    LOS
  ---------------------------------------------------------------------- --------------------------------------
  PSI 18---obstetric trauma during vaginal delivery with instrument      0.4688[\*](#tblfn10){ref-type="fn"}\
                                                                         95% CI (0.4008 to 0.5368)

  PSI 19---obstetric trauma during vaginal delivery without instrument   0.5126[\*](#tblfn10){ref-type="fn"}\
                                                                         95% CI (0.4822 to 0.5427)

  PSI 20---obstetric trauma during caesarean delivery                    1.0874[\*](#tblfn10){ref-type="fn"}\
                                                                         95% CI (0.9027 to 1.272)
  -------------------------------------------------------------------------------------------------------------

\*p\<0.001

LOS, length of stay; PSI, Patient Safety Indicators.

[Figure 1](#F1){ref-type="fig"} shows the monetary value of excess LOS to the English NHS in current and 2013/2014 prices. Results are presented separately for each indicator and time period. The average unit cost of non-elective inpatient short stay during delivery for the NHS was given as £1027 in financial year 2010/2011, £1093 in 2011/2012, £1161 in 2012/2013 and £1279 in 2013/2014.[@R36] Total cost of additional bed days due to obstetric patient safety events was £10 182 646 in financial year 2010/2011, £11 053 535 in 2011/2012, £12 976 691 in 2012/2013 and £14 525 009 in 2013/2014, expressed in current prices. Using the Hospital and Community Health Services (HCHS) index, which is a price change measure for goods and service purchased by the HCHS,[@R40] the prices of previous years were inflated to 2013/2014 prices. The costs of additional bed days due to obstetric safety events in 2013/2014 prices are £10 690 491 in 2010/2011, £11 366 556 in 2011/2012, £13 121 227 in 2012/2013 and £14 525 009 in 2013/2014.

![Monetary value of excess LOS.LOS, length of stay; PSI, Patient Safety Indicators.](bmjopen-2016-015463f01){#F1}

Discussion {#s4}
==========

This study applied a novel approach to measuring the incidence and burden of third and fourth-degree lacerations in the English NHS. Based on our estimates, the highest incidence rate was observed for PSI 18, vaginal delivery with instrument (84.16 and 91.24 per 1000 patients at risk in 2010/2011 and 2013/2014, respectively). Delivery with instrument carries more risk because of the complexity of the procedure which is reflected in this high rate of adverse events. In spite of a lower observed incidence rate, we find that vaginal delivery without instrument (PSI 19) is associated with the highest total financial burden, due to significant annual volume of this type of delivery. Using this method, we report that costs associated with these PSIs increase during the observed period due to a rising number of safety events and increases in the nominal value of the unit cost associated with additional LOS. In spite of the high incidence rate compared with other patient safety events measured using AHRQ PSIs,[@R12] our findings show that obstetric events do not have a high impact on total healthcare costs. Our findings suggest a relatively small impact on acute care costs explained mainly by excess LOS, but it is worth noting that during the observed period the associated costs for each safety event increased by 36% (p\<0.001) and the incidence of observed obstetric safety events increased by only 14% (p\<0.001). This suggests that there is potential to reduce the incidence of these events to improve patient experience and care quality, while reducing associated costs.

Previous estimates of incidence rates, LOS and costs associated with these patient safety events[@R12] provide a useful benchmark for our results, even though these studies are based on routine administrative data more than a decade old. Consistent with other studies from England, we find that incidence rates increased for all observed events.[@R12] This signals that policies aimed at improving quality in the delivery of obstetric care may not be reducing the occurrence of these events nationally and further efforts may be needed. Another UK study using HES data examined the incidence of third and fourth-degree perineal tears,[@R41] but the study included only primiparous women so the findings are not directly comparable. Of note, the incidence rate of events increased during the observed period from 2000 to 2012 in this study. When compared with equivalent US data, the incidence rates observed for England are significantly lower, suggesting that patient safety in obstetric care is better in England. These differences may stem from actual epidemiological difference, but may also be related to variation in routine administrative data recording methods. Similarly, we cannot rule out the possibility of improvements in clinical coding practices for obstetric care in England, which may have led to more detailed ICD-10 and/or OPCS coding of events, meaning that more of the events are recorded.[@R41] Raleigh *et al* [@R13] reported excess LOS associated with obstetric patient safety events (PSI 18=0.56, PSI 19=0.48 and PSI 20=0.2 excess LOS based on 2005/2006 HES data). Findings from this study are comparable to our findings, although additional LOS in the case of caesarean delivery is higher. Also, the results from this study are based on a much larger sample size. Zahn and Miller[@R14] also reported excess LOS based on 2000 US data (PSI 18=0.07, PSI 19=0.05 and PSI 20=0.43 days). Based on these findings, additional LOS related to observed obstetric complications in England is higher than in the USA. This comparison should be interpreted with an understanding that childbirth is physician-led in the USA as opposed to midwife-led in the UK.[@R42] In general, additional LOS associated with analysed events is \<1 day, indicating that additional resource utilisation related to these incidents is relatively low. Zahn and Miller[@R14] also reported charges associated with these safety events which are in the range from \$2718 to \$220 per event, but again it is difficult to make a valid comparison of cost estimates from healthcare systems with very distinct characteristics.

The purpose of this study was to quantify the burden of third and fourth-degree lacerations in the NHS using AHRQ-defined PSIs and applying PSM. In observational, non-randomised studies, an unadjusted comparison of outcomes of individuals who experienced and have not experienced a safety event may produce biassed results because differences may derive from omitted variables. Other authors have recognised this problem and in order to minimise bias have applied various matching techniques to compare cases with and without safety events that are similar on the basis of preselected observable characteristics. Previous studies have applied multivariate matching and attempted to match patients directly on the basis of age, sex, various socioeconomic characteristics, clinical characteristics, specialty and provider.[@R13] The problem with this lies in finding direct matches between groups that experienced patient safety events. Even in large datasets some cases will remain unmatched. According to Rubin, unmatched individuals are probably those with rare characteristics, and their outcomes are potentially very distinct from individuals that were matched,[@R45] so we cannot assume that unmatched individuals are a random subset of those that were matched. Even though PSM simplifies the matching process, the method might still generate selection bias as it involves dropping unmatched individuals. Despite this limitation of the PSM method, for both groups (treated and control) in this study and using the observable patient characteristics in HES, we have verified within our sample that there is a similar probability for individuals to experience safety events. Additionally, as the analysis in this study was employed on a relatively homogenous group of women at childbearing age, the outcomes of matched individuals are like those of unmatched individuals. A comparison of outcomes of these groups is shown in online supplementary [appendix 2](#SP2){ref-type="supplementary-material"}.
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This study has several limitations. First, the HES database is not specifically designed for detection of safety events so some important diagnoses or procedures may not be fully recorded, leading to bias. As such, the incidence rates reported in this study are probably an underestimate. Additionally, coding practice varies among providers, causing regional discrepancies. Furthermore, in this study we did not measure the appropriateness of these instrument delivery and caesarean section, which could be considered a limitation given the fact that inappropriate use of these procedures can cause higher rates of safety-related incident. Also, concerns about the appropriates of HES data for the use in monitoring trends in maternal care have been raised,[@R46] but these are based on a different indicator of maternal morbidity. Although the limitations of HES must be acknowledged, it remains one of the foremost nationally representative routine healthcare databases. Bottle and Aylin[@R12] and Raleigh *et al* [@R13] have successfully applied AHRQ indicators using these data. This study reiterates these data limitations, adding further weight to the need for improvement in and validation of coding practice. This will increase the utility of these PSIs for monitoring trends in maternity and obstetric care. Another potential weakness is the method by which patient safety incidents were identified. The use of PSI algorithms may bias our findings because we are searching for diagnosis and procedure codes in isolation[@R47] however, given that a manual review of clinical records is less pragmatic, although it does allow researchers to better discern avoidable complications from unavoidable ones, we accept this overall trade-off in our methodology. Fundamentally, we underestimate the societal burden associated with these safety events because we focus on the inpatient costs caused to mothers who experience complications without considering the consequences to the infant. Other potential sources of economic costs that are significant and not examined in this study include perineal pain syndrome, chronic incontinence, sexual dysfunction and postnatal depression. There are three types of costs that should be considered in economic studies of patient safety: direct, indirect and intangible costs. In this study, we identified direct costs arising from short-term complications in terms of increased LOS in the acute sector. Other relevant costs may arise in the primary care setting (direct medical costs), for example, or through days of work lost by households due to safety events (indirect costs). A study conducted by Encinosa and Hellinger[@R24] showed that adding postdischarge costs to hospital costs increases the estimate of the overall health system burden attributed to patient safety events. Also, the study by Sundquist[@R48] showed that 45% of women with obstetric injuries had lingering problems 4 to 8 years later. Long-term consequences of these events negatively impact patients' health and usually require further healthcare services; therefore, using this costing approach, we are capturing only part of the problem.[@R49] Second, our costs are based on the additional LOS and the NHS reference cost of non-elective inpatient short stay during delivery. Although these costs represent costs of procedures used to correct complications related to delivery, they are not specific to obstetric complications, and in order to increase precision, a more detailed analysis of costs should be conducted. In addition, reference cost data may not reflect actual hospital costs because these are based on national averaging, so provider-specific microcosting would give a more accurate measure, at the expense of additional effort. In summary, the impact of patient safety events is complex, and examining their impact only in terms of additional hospital LOS is insufficient.

This study estimated the incidence and economic burden arising from short-term complications of potentially preventable third and fourth-degree lacerations in the English NHS. The incidence of these events, which are only a subset of all obstetric safety events, gives an indication of the quality of maternity and obstetric care services. The findings presented here are only a step towards assessing the true impact of observed patient safety events in obstetric care; they should be used to support a convergence of estimates of the true population burden. In future, a more detailed analysis is necessary to understand how adverse events impact patients' health, additional resource use and/or associated productivity loss after the event. This analysis could be complemented with qualitative analysis of providers because shortage of medical and midwifery staff and their attitudes may also impact the incidence of safety events.[@R51] PSIs, although developed initially for the US system, can be successfully translated and applied to the English setting and results can be used for monitoring current safety standards. Due to the current lack of recent evidence related to the incidence and economic burden of obstetric patient safety events in the NHS, this study can be a valuable asset to policy makers.
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